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Calibrating for Impedance Measurements

Impedance is a standard measurement in the test battery for loud-
speakers and other transducers. From this measurement, the small
signal parameters (a.k.a., Thiele-Small Parameters) can be calcu-
lated and used to model the low frequency behaviour of a system.
The measurement generally requires a test circuit, feeding an ana-
lyzer or test system. Voltage dividers or large resistor (constant
current) circuits can be used to measure the electrical impedance of
a transducer. However, the most common method is to use a small
value series resistor (constant voltage) circuit, as shown in Fig. 1.

Fig. 1 Impedance Test Circuit
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Constant voltage is also most similar to the actual use conditions of
most loudspeakers driven by typical amplifiers. In general, the
value of the resistor is chosen to be an order of magnitude less than
the minimum expected modulus of the loudspeaker impedance.
Simultaneous measurements at both nodes or sequential measure-
ments at each node can be performed. From this data, the imped-
ance vs. frequency is easily determined from the equation below.

Vs(f) R
Vo (f)=Vs(f)

It can easily be seen that the choice and value of the reference resis-

Z(f) =

tor, R is critical. Clearly, inductive or wire-wound resistors must be
avoided. Although it is common practice to use a precision resistor
(< 1%) the precise value of the reference resistor must be known for
the impedance calculation to be accurate. Given that the range of
loudspeaker impedance modulus values is approximately 1-100
ohms, the typical value of R is chosen to be 0.1 ohm. Interestingly,
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0.1 ohm is generally the precision limit on most digital multimeters.

So, how does one go about accurately determining the value of the
reference resistor R? One method would be to set up an old fash-
ioned “Wheatstone Bridge” arrangement (remember your first col-
lege EE lab class?). This is a 4 resistor balanced circuit, similar to a
full wave rectifier, that attempts to null an imbalance. The differ-
ence in the adjustment to produce the balance returns the value of
the unknown resistance. However, there is an easier method, using
your available (calibrated and accurate...) digital multimeter and
just one additional resistor. Using this method, neither resistor
needs to be precision (or expensive), just stable over time. Choose
the second resistor to be in the mid-range of the expected loud-
speaker impedance, e.g., 47 ohms. Measure the value of this resistor
to the limit of accuracy of your digital multimeter and record the
value. Next, construct the loudspeaker impedance test circuit
shown in Fig. 1 and connect it to your test system or analyzer to
measure impedance versus frequency. Many test systems have
macro or automation features for user input of the value of the ref-
erence resistor and automatic calculation of the impedance. Substi-
tute the 47 ohm resistor for the loudspeaker. Check the wattage of
your resistors and set the test level appropriately — you don’t want
any smoke! Since the voltage across the reference resistor is quite
small, we want enough level to give a good measurement S/N ratio,
without burning up the resistors or driving the device under test
into non-linearity. Remember, the subsequent calculations are of
“Small Signal Parameters” Using Ohm’s Law, we quickly discover
that with the 47 ohm and 0.1 ohms resistors, our limit is 3.5 volts —
but even that is rather high, so start with 250mV and increase it if
necessary. Measure the impedance vs. frequency of the 47 ohm re-
sistor. Your measurement system should show a flat — possibly
slightly noisy — impedance vs. frequency curve, equal to the value
you measured with the digital multimeter. Autorange on the dis-
play will exacerbate this “noisiness” visually... Go for a 25 ohm
display range instead. Check it with the cursor to read the value at
1 kHz. Alternatively, set up your test system (or export the values)
to calculate the average impedance magnitude across the frequency
range (10 Hz-20 kHz). If this does not equal the DMM measured-
value, simply adjust the assumed value of the reference resistor up
or down slightly and re-measure until the desired accuracy is
achieved (my 1% 0.1 ohm resistor turned out to be 0.117 ohms...).
Now connect the loudspeaker under test and you’re ready to go.
This iterative approach makes no assumptions about the value or
precision of the reference resistor and produces correct results every
time. And you don’t have to go back to your old college text books
to look up “Wheatsone Bridge”, either...

57 States
Tel: (415) 923-9535 =«

Street . San Francisco, CA
Email: cijs@cjs-labs.com .

94114-1401 . USA
URL: http://www.cjs-labs.com/



mailto:cjs@cjs-labs.com�
http://www.cjs-labs.com�
mailto:cjs@cjs-labs.com�
http://www.cjs-labs.com/�

Audio & Electroacoustics
e Consulting
° Design

e Training

CJS Labs

Technology - Research - Strategy - Solutions

Lab Notes

Volume 1, Issue 4

November 2008

NCAC

Natignal Council of
Acoustical Consulianis

Member

© 2008 CJS Labs

Inside this issve:

Klippel Seminar 1
Success!

AES 125th Tutorial 1
NCAC Membership 1

Electroacoustics 1
Measurements Book

ALMA 2009 1

Log Frequency: 2
Octaves & Decades

Order Your Copy of
“Electroacoustics
Measurements”

This essential reference for mak-
ing proper transducer measure-
ments is a 300+ page, bound,
fully annotated compendium of
slides and information from the
CJS Labs Electroacoustic Meas-
urements training seminar. Cov-
ers all topics from the course.
Literature references for each
chapter are also included.

Ordering information:

http://www.cjs-labs.com/
sitebuildercontent/
sitebuilderfiles/
OrderingCourseNotes.pdf
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CJS Labs / Klippel Seminar Success!

Loudspeaker Performance:
Measurement, Analysis &
Diagnostics” , a 2-day joint
seminar in conjunction with
Klippel was held in Los
Angeles on 8-9 October
2008. 18 persons from
companies in the loud-
speaker and pro audio in-
dustries were in atten-
dance. The 2-day session
successfully combined
measurement theory with
practical demonstrations
and real-world applica-
tions. Beside the lectures,
discussion among the at-
tendees during the breaks

was highly animated, re-
volving around the many
practical issues in product
development everyone
seemed to have in com-
mon. Feedback from the
attendees was over-
whelmingly positive.

Success of AES
125th Tutorial

Over 120 persons
attended the Elec-
troacoustics Meas-
urements tutorial at
the AES 125th Con- =&
vention in San Fran-
cisco on October
3rd. The focus was

on the practical aspects of
Simulated Free Field Test-
ing. The audience was en-
gaged throughout the ses-
sion, which concluded with
a lively round of Q&A.

Electroacoustics Training Seminar at ALMA Winter Symposium

| will again be at the ALMA
Winter Symposium in Las
Vegas, 5-7 January 2009.
Given the success of last
year’s half-day seminar —
and the numerous re-
quests from participants —
the Tuesday January 6th
session has been ex-
panded to a full day. This
will be a 2-part class, and
participants may attend
either the morning, the af-
ternoon, or the full day.
The AM session will be a
review of acoustics, sound
fields and sources, psycho-
acoustics, measurement
microphones, and fre-

San

Francisco, CA
Email: cijs@cjs-labs.com

quency analysis. The PM
session will cover simu-
lated free field techniques,
and distortion measure-
ments.

More information is avail-
able at the ALMA website:

http://
www.almainternational.org/20

09 winter symposium.php

| look forward to seeing
you in Las Vegas in 2009.

NCAC Membership for
CJS Labs

CJS Labs became a mem-
ber of the National Council
of Acoustical Consultants

94114-1401
URL: http://www.cjs-labs.com/

in August. NCAC info at

http://www.ncac.com/

Please contact us and let
us know if we can be of
any service to you and
your organization.

Best regards,
Christopher J. Struck
CEO & Chief Scientist
CJS Labs

. USA
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Log Frequency: Octaves and Decades

This question came up in a discussion regarding proper
graphing of a frequency response. On the graph, the aspect
ratio (x/y) should be: 1 decade = 50 dB. However, the x-axis
was labeled in octaves. Hence, the question:

How many octaves in a decade?

The formula for octaves as a fractional change in frequency
is

x=42

where X is the proportional change and N is the fractional
octave. So, when IV is 1 (1 octave), X is 2; when IV is 1/2 (2
octaves), X is 4; when N is 12 (a 1/12 octave), X is 1.0595,
etc. Therefore, 1/N is the number of octaves. An octave is a
doubling (or halving) in frequency. The semitones (half-steps
or a chromatic scale) in music are 1/12 octaves. A decade is a
multiplication by 10 in frequency.

Therefore, X is 10 and we have
10=%2

1
log,,(10) = N log,,(2)

N =log,(2)
N =0.301
1 1

N = E = 3%octaves

or ten 1/3 octaves. Therefore,
1/3 octave = 1/10 decade

In another application, a standard allows for the shifting of a
frequency response tolerance mask by £10% in frequency.
Therefore, the following question was posed:

What fractional octave is a 10% change in frequency?

Again, the formula for octaves as a fractional change in fre-
quency is
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x =42

A 10% percent increase is a multiplication by 1.10, so

1.10 = ¥/2

log , (1.10) = N log ;, (2)

N - log , (1.10)
log , (2)
_ 00414 1375
0.301

%:0.143
%:0.125

or slightly less than 1/7 octave.

The upper cutoff frequency of an octave band filter is twice
the lower cutoff frequency, a 2:1 ratio. Sometimes, however,
filters are designated by the ratio of bandwidth to centre
frequency. In the case of an octave band filter, this is

B 0.7%70%
I

0
For a 1/3 octave filter, the ratio of upper

cutoff frequency to lower cutoff frequency is

How. o =32 f, ~1.2599f,

octave is also 1/10 decade, so this could also be written as

ever, we know that 1/3

1

£, =109 % £, ~1.2589 £,
Note the slight error between these calculations. The ratio of
bandwidth to centre frequency for a 1/3 octave filter is

£=0.23 =~ 23%

fo

57 States
Tel: (415) 923-9535 =«

Street . San Francisco, CA
Email: cijs@cjs-labs.com .

94114-1401 . USA
URL: http://www.cjs-labs.com/



mailto:cjs@cjs-labs.com�
http://www.cjs-labs.com�
mailto:cjs@cjs-labs.com�
http://www.cjs-labs.com/�



